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(54) HIGHLY THERMALLY CONDUCTIVE INSULATING MATERIAL AND SUPERCONDUCTIVE CABLE 
(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a highly 
thermally conductive insulating mater ia I having 
high thermal conductivity at very low 
temperature and at the same time excellent 
resistance to low temperature bnttleness and a 
superconductive cable. ] ■•^B}^}, 

SOLUT I ON : Th i s highly thermal I y conduct ive 
insulating material contains res-in and -5 Si 



volume % content of a surface treated filler 
having a high thermal conductivity. The surface 
treatment of the filler is preferably carried 
out us i ng a s i I ane coup I i ng agent. Th i s 
superconductive cable comprises such a highly 
thermally conductive insulating material as an 
insulator. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of thfLis translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. ; , . 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION j 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Especially this invention relates to the high 
temperature conductivity insulating material for very low temperature, and a superconductivity cable 
about a high temperature conductivity insulating material and a superconductivity cable. 
[0002] 

[Description of the Prior Art] There are some which arranged in the copper tube what twisted the 
superconductor on cooling pipes, such as, a metallic pipe, and gave the insulator on the layer, and 
nothing and this layer as a superconductivity cable. And by leading a refrigerant to the refrigerant 
path in a metallic pipe etc., it is cooled jand a superconductor is made into very low temperature. 
Liquid helium, liquid nitrogen, etc. are [used as a refrigerant for cooling a superconductor to very low 
temperature. . . ; 

[0003] 1 ; 

[Problem(s) to be Solved by the Inventioii] By the way, although the thermal conductivity of an 
insulator improved as the fill of a bulking agent increased when the constituent which filled up the 
resin with the inorganic bulking agent rhore than 5 volume % as the aforementioned insulator was 
used, on the other hand, there was a problem that cold brittleness became bad. Although the 
brittleness by general blow stress is originally seldom required of the superconductivity cable u§ed 
by very low temperature, there are not few cases where the spec, of brittle temperature is set up from 
a viewpoint of reliability. At this time, the upper limit of the fill of an inorganic bulking agent will be 
restricted by brittle temperature, and was not made [ obtaining the insulator excellent in thermal 
conductivity and cold brittleness, or ]. 

[0004] While this invention was made in view of the aforementioned situation and having high 
thermal conductivity in very low temperature, let it be a technical problem to offer a high 
temperature conductivity insulating material and a superconductivity cable excellent in cold 
brittleness. ♦ 
[0005] j 

[Means for Solving the Problem] Including a resin and the bulking agent which has high temperature 
conductivity, the content of a bulking agent which has high temperature conductivity is more than 5 
volume %, and this technical problem is solved by considering as the superconductivity cable which 
comes to constitute an insulator using the high temperature conductivity insulating material ' 
characterized by carrying out surface treatment of the bulking agent, and thiis high temperature 
conductivity insulating material. 
[0006] 

[Embodiments of the Invention] In this invention, it is the bulking agent (henceforth a high 
temperature conductivity bulking^agent) vthich has high temperature conductivity as a bulking agent, 
and that by which surface treatment is carried out is used. A high temperature conductivity bulking 
agent is a bulking agent of the electric iiisiilation whose thermal conductivity is more than 0.04 
cal/cm-sec and *C in 25 degreeC, and the example is ceramics, such as metallic oxides, such as 
aluminum oxides, such as oxidization silicon, such as oxidization silicon, and an aluminimi oxide, a 
boron nitride, and a beryllia. Although these inorganic bulking agents have a very-low-temperature 
region, for example, thermal conductivity also with lOOK or less high very low temperature, unlike 
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bulking agents, such as a metal-powder ^)bject, they are excellent in electric insulation. If the mean 
particle diameter of the aforementioned jbulking agent is about 1-100 micrometers, an insulating 
material is excellent in mechanical properties, such as tensile strength. 

[0007] If a spherical alumina is used as ^aluminum oxides, it will be easy to fill up a resin and will be 
hard to wear metal mold or an extruder at the time of kneading and fabrication. 
[0008] Although a boron nitride is an expensive material as compared with an aluminum oxide, since 
it is a soft material, it is hard to wear naetal mold, an extruder, etc. at the time of kneading and 
fabrication. Moreover, as compared with an aluminum oxide, the insulating material excellent in 
thermal conductivity is given. On the ptjier hand, an aluminum oxide will be stiff material if it 
compares with a boron nitride, and although it is inferior to thermal conductivity, it is cheap. 
[0009] That by which surface treatment jwas carried out is used as a high temperature conductivity 
bulking agent. Surface treatment means ^the processing which processes the front face of a high 
temperature conductivity bulking agent by coupling agent, and raises adhesion with a resin. The 
example of coupling agent is a silane coupling agent. A silane coupling agent is a silicon atom 
content compound which has in a moiiad the adding-water resolvability machine which produces the 
silanol group of the property which fohis the front face and chemical bond of this bulking agent by 
the condensation reaction with the hydroxyl group or surface attached groundwater contained in a 
high temperature conductivity bulking agent, and a functional group combinable with a resin. 
Alkoxyl groups, such as a methoxyl g^oiip, are mentioned as a adding-water resolvability machine,, 
and the amino group, a vinyl group, an epoxy gro^p, a sulfhydryl group, a thiocyanate machine, 
tetrapod sulfene, etc. are mentioned as a functional group. A resin and bridge formation are possible 
for a desirable silane coupling agent including a carbon-carbon double bond or a sulfur atom. 
[0010] The example of a silane coupling agent is the thing of sulfur atom content, such as mercapto 
silanes, such as epoxy silanes, such as^^yl silanes, such as vinyltrimetoxysilane, and gamma- 
glycidoxypropyltrimetoxysilane, or gainina-mercapto propyltrimethoxysilane, and screw (3-triethoxy 
silyl propyl) tetrapod sulfene. r: I 

[001 1] What the silane coupling agentj was mixed [ what ] at a rate of the about 0.1 to 8.0 weight 
section to this bulking agent 100 weight;-section as a high temperature conductivity bulking agent, 
and combined this coupling agent with the front face of a high temperature conductivity bulking 
agent is desirable. Under in the about 0.1 weight section, if an effect is not accepted but the 8.0 
weight sections are exceeded, it will be superfluous and cost will become high too much. 
[0012] Although the thermal conductivity of the insulating material containing a resin and a high 
temperature conductivity bulking agent is influenced of the thermal conductivity of a resin, its 
influence of a high temperature conductivity bulking agent is very large. Therefore, as for a resin, it 
is desirable to be chosen from thermal conductivity for the purpose of the ease of being filled up of a 
filler. If the bridge is constructed over the resin, an insulating material is excellent with cold 
brittleness. A peroxide, sulfiir, etc. are mentioned as a cross linking agent. 

[0013] As a resin, elastomers, such as ethylene-propylene rubber, EPDM rubber, and an ethylene 
octene copolymer, polyethylene, polypropylene, an epoxy resin, etc. are mentioned. 
[0014] The resin manufactured using a riietallocene catalyst as the aforementioned resin is desirable. 
Since the active spot of a Ziegler catalyst is uneven, as for the resin compounded using the Ziegler 
catalyst, molecular weight distribution and a copolymerization composition distribution tend to serve 
as broadcloth. On the other hand, the resin with which, as for the metallocene catalyst, it was 
manufactured using the metallocene catalyst since the active spot was a single site has molecular 
weight distribution and a sharp copolymerization composition distribution, and has few contents of a 
low molecular weight constituent. For this reason, if a high temperature conductivity bulking agent is 
included in the resin manufactured using the metallocene catalyst, even if it can include more these 
bulking agents and includes them, the mechanical property of an insulating material, lesion-proof 
nature, etc. cannot fall easily. [ many ] Moreover, since the resin manufactured using the metallocene 
catalyst has the outstanding mechanical strength even if density is low, a bulking agent can be 
included in this resin so much. In additiop, the polyethylene manufactured using the metallocene 
catalyst can have about three 0.87 g/cni density and a brittle temperature below -76 degreeC. 
[0015] The content of a high temperature conductivity bulking agent to which surface treatment was 
performed is five to 40 volume % preferably more than 5 volume % to the sum total volume of this 
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bulking agent and a resin. Thus, the insulating material of this invention which changes including a 
lot of high temperature conductivity bulging agents is excellent in the low temperature brittleness 
and thermal conductivity. Thermal conductivity [ in / very low temperature / that the content of a 
high temperature conductivity bulking agent is under 5 volume % ] is hard to be improved. If about 
40 volume % is exceeded, elongation Wfll fall and an insulating material will tend to become weak. 
If the content of a high temperature conductivity bulking agent is more than 5 volume %, an 
insulating material has the thermal coiiductivity of about 0.3 or more w/m-k in a room temperature 
(25degreeC), and has high thermal condtictivity also in very low temperature, therefore, the business 
of this invention ~ the high temperature iconductivity insulating material is suitable especially as an 
insulating material for cooling a superconductor and insulating 

[0016] Although the high temperature conductivity insulating material for very low temperature of 
this invention contains a resin and a higH temperature conductivity bulking agent as an indispensable 
component, it may also contain further j reinforcing materials, such as an antioxidant, a cross linking 
agent, processing aid, and carbon black, ^an extending agent, a pigment, etc. if needed. 
[0017] It consists of high temperature conductivity insulating materials of the above [ the 
superconductivity cable of this invention / an insulator ]. Drawing 4 is the cross section showing the . 
example, while this superconductivity c^ble has a superconductor 1 on the metal cooling pipes 3, 
such as a copper pipe, and having an inistilator 2 on this superconductor 1, an insulator 2 is [ the 
content of a high temperature conductivity bulking agent ] more than 5 volume % including a resin 
and a high temperature conductivity bullcing agent, and surface treatment of this bulking agent is 
carried out. If refrigerants, such as liqi|d' helium, are led to the refrigerant path 4 in a cooling pipe 3, 
a superconductor 1 can be cooled from tlie inside. Moreover, if a superconductivity cable is arranged 
in a metallic conduit and a refrigerant is Jed to the path between an insulator 2 and a metallic conduit, 
a superconductor 1 can be cooled also from an outside. Since tiie content of this bulking agent is 
more than 5 volume % and surface treatment of this bulking agent is carried out including the resin 
and the high temperature conductivity j^ulking agent, an insulator 2 excels [ insulator / of the 
superconductivity cable of this invention / 2 ] in the cooling efficiency and the low-temperature 
physical properties by the refrigerant. \ \ 

[0018] The superconductivity cable of jhe structure shown in drawing 4 can be manufactured by 
twisting a superconductor 1 on the outride of a cooling pipe 3, and covering the insulating material 
of this invention with extrusion molding |etc. on a layer, and nothing and this layer. Since extrusion 
molding of the mixture containing a resin and a high temperature conductivity bulking agent is 
carried out and an insulator can be fon^ed, manufacture and long-picture-izing of a 
superconductivity cable are easy. 

[0019] As a superconductor, oxide system superconducting materials, such as superconductive 
metals, such as Nb, NbTi, Nb3Sn, and y3Ga, or YlBa2Cu30x, and 2(Bi, Pb) Sr2calcium2Cu30x, 
are mentioned. . ; : 

[0020] • ; 

[Example] Hereafter, this invention is e>cplained in detail. In the following examples of an 
examination, all the sections mean the weight section. As a bulking agent, the spherical alumina 
which carried out surface treatment (henceforth silanizing) by the silane coupling agent, the spherical 
alumina which has not carried out silanizing, the boron nitride which carried out silanizing, and four 
kinds of boron-nitride **s which have not carried out silanizing were prepared. In addition, the 
particle size of an alumina and a boron nitride was almost the same. Moreover, the alumina which 
carried out silanizing, and the boron nitride which carried out silanizing carried out the amount 
mixture of said of the silane coupling ag^nt of the same kind to an alxmiina and a boron nitride, and 
combined the silane coupling agent wi^ these front faces. 

[0021] As a base resin, the metallocene system elastomer (Dow- Jones CL 8001 by the Dow 
Chemical Co.) was prepared. 

[0022] The elastomer 100 aforementioned section, the aforementioned alumina or the 
aforementioned boron nitride, the crossrlinking-agent 3.5 section, and the antioxidant 1 section were 
mixed, and it considered as mixture. As the loadings of the alumina which carried out surface 
treatment were shown in Table 1, it was made to change in the range of the 50 to 450 section to the 
elastomer 100 section, and the loadings- of the boron nitride which earned out surface treatment were 
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changed in the range of the 29 to 250.section to the elastomer 100 section, as shown in Table 2. 
[0023] Subsequently, mixture was kneaded using the kneading roll, and this kneading object was 
. pressed, the bridge was constructed, and the sheet was obtained. And the low temperature brittleness 
and themial conductivity of this sheet were measured With combination prescription, the 
. measurement result of the low temperature brittleness was shown in Table 1 and Table 2. Moreover, 
the graph showed the relation between |he loadings (volume %) of a boron nitride, and brittle 
temperature for the relation between loadings (volimie %) of an alumina, and brittle temperature 
to drawing 1 at drawing 2 . The graph showed the relation between the loadings of bulking agents, 
such as an alumma and a boron nitridjb,fand thermal conductivity to drawing 3 . In addition, brittle 
temperature uses an embrittlement testing machine and is JIS. It measured by K7216. Thermal 
conductivity is the measured value inl2?8K, and was measured using the QTM quick thermal 
conductivity meter. In the colimui of the low temperature brittleness in Table 1, x mark in which ** 
mark which is excellent in O mark whifch is very excellent in O mark is a little inferior means 
[0024] ' 
[Table 1] . 
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[0026] When the alumina and boron nitride which carried out silanizing are used although the low 
temperature brittleness becomes bad as ;the loadings of an alumina and a boron nitride increase from 
Table 1 and Table 2, silanizing is not carried out, namely, it turns out tiiat the low temperature 
brittleness cannot fall easily as compared with the case where a non-processing alumina and a boron 
nitride are used. ; ; 

[0027] A bird clapper understands brittle temperature highly rapidly as the loadings of an alumina 
and a boron nitride will increase, if the alumina and boron nitride by which silanizing is not carried 
out are used from drawing 1 and drawing 2 . On the other hand, when the alumina and boron nitride 
which carried out silanizing are used, drawing 1 and drawing 2 show that brittle temperature cannot 
become high easily. Moreover, the difference of brittle temperature with the case where silanizing 
has not been carried out to the case where silanizing is carried out is large, and a bird clapper is 
known, so that there are many loadings of an alumina and a boron nitride. Namely, it was so 
remarkable that the improvement effei?t of the low temperature brittleness by silanizing had many 
loadings of an alumina and a boron nitride. In the case of a boron nitride, the depressor effect of the 
brittle-temperature rise by silanizing shows up greatly. Although the adhesion of a boron nitride and 
a base resin is bad from tiie first, the ajdhesion to the base resin of a boron nitride improves 
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remarkably by silanizing, and for this reason, brittle temperature is presumed to be what cannot go 
up easily as shown in drawing 2 . ; i 

[0028] When the boron nitride which c^ied out silanizing is used, drawing 3 shows that the 
insulating material excellent in thermal conductivity is obtained rather than the case where the 
alumina which carried out silanizing is used. Moreover, drawing 3 shows that the thermal 
conductivity of an insulating material 'does not fall depending on silanizing. 

[0029] If the alumina which carried out ^silanizing, and the boron nitride which carried out silanizing 
are used, as shown in drawing 1 and drawing 2 , brittle temperature cannot rise easily. Therefore, it is 
possible to make [ many ] the loading? of an alumina and a boron nitride, consequently the insulating 
material excellent in thermal conductivity is easy to be obtained. 
[0030] . |i I 

[Effect of the Invention] As explained): apove, since the content of a high temperature conductivity 
bulking agent is more than 5 volume ?^;knd surface treatment of the bulking agent is carried out 
including the resin and the high tempdrature conductivity bulking agent, the high temperature 
conductivity insulating material of this invention is excellent in thermal conductivity also in very low 
temperature, and excellent in low-temperature properties, such as cold brittleness. Therefore, it is the 
material which can respond to the spec, to brittle temperature. Moreover, the high temperature 
conductivity insulating material of this invention is suitable as an insulator for insulating a 
superconductor. Furthermore, since an. insulating material consists of a resin and a high temperature 
conductivity bulking agent, manufacture of a superconductivity cable is easy for it, and, moreoyer, 
long-picture-izing is possible for it. Therefore, the superconductivity cable of this invention is 
suitable as cables, such as the cable for yery low temperature which is cooled by lOOK or less very 
low temperature, and is used, for exaniple, power transmission etc. 
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* NOTICES* : 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by;computer.So flie translation may not reflect the original 
precisely. ^ | 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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CLAIMS 

[Claim(s)] I 

[Claim 1] The high temperature conductivity insulating material which the content of a bulking agent 
which has high temperature conductivit>? is more than 5 volume %, and is characterized by carrying 
out surface treatment of the bulking age^t including a resin and the bulking agent which has high 
temperature conductivity. i ! > 

[Claim 2] The high temperature conductivity insulating material according to claim 1 characterized 
by surface treatment being processing by the silane coupling agent 

[Claim 3] The superconductivity cable -which the content of the bulking agent with which it has a 
superconductor and an insulator, and it is the superconductivity cable by which the aforementioned 
superconductor is cooled with a refriger^t, and the aforementioned insulator has high temperature 
conductivity including a resin and the bulking agent which has high temperature conductivity is more 
than 5 volume %, and is characterized by carrying out surface treatment of the bulking agent. 

[Translation done.] ■ 
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